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® Method for forming flat glass-ceramic articles. 



© In general, this invention contemplates a near 
net-shape method of making thin glass-ceramic arti- 
cles possessing substantially uniform thickness and 
parallel opposing surfaces comprising the steps of: 
(a) heating the receiving and opposing molding sur- 
faces of a mold to predetermined different tempera- 
tures; (b) bringing the receiving and opposing mold- 
ing surfaces of the mold into essential contact with 
each other to press a delivered charge of molten 
glass to fill said mold, while thermally providing and 
^ maintaining a substantially parallel fit between the 
^ receiving and opposing surfaces of the mold, to 
CO achieve substantially uniform thickness in the 
f pressed charge, (c) pressing the the glass charge for 
CO a t ' me sufficient to remove enough heat from the 
© glass charge that the temperatures of the molding 
W surfaces and the glass article surfaces are all nearly 
O at equilibrium, wherein the press time and mold 
temperature differential combine to result in sym- 
m metric heat removal thereby causing all the afore- 
mentioned temperatures to reach equilibrium at 
nearly the same time, (d) removing the glass article 



from the mold; (e) covering the opposing surfaces of 
the glass article with a refractory insulating material; 
(f) heat treating the covered glass article at a tem- 
perature and for a time sufficient to cause the glass 
article to crystallize in situ to a glass-ceramic article; 
and (g) cooling the covered glass-ceramic article to 
room temperature and removing the covering there- 
from. 
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This invention relates to a process for the pro- 
duction of thin, flat glass-ceramic articles. More 
specifically, this invention is directed toward a 
method of forming substantially flat, thin disc- 
shaped glass-ceramic articles of essentially uniform 
thickness using near-net-shape pressing followed 
by flat ceramming. The resultant discs after mini- 
mal finishing are suitable for use as a substrate for 
magnetic memory discs. 

The market for rigid magnetic storage is well 
established and growing with even greater ad- 
vances being foreseen through the utilization of thin 
film media technology. The rigid disk substrates for 
use in these magnetic memory storage devices are 
designed for high performance applications and 
thus must meet a wide range of criteria. U.S. Pat. 
No. 4,971,932 (Alpha et al.) discloses a glass- 
ceramic substrate material for use in the rigid in- 
formation disk which satisfies these varied criteria. 
These glass-ceramics, containing either a sheet 
silicate or a chain silicate as the predominate cry- 
stal phase, still, when made using traditional for- 
ming methods, fell short of some of these criteria 
without secondary processing. Chief among these 
shortcomings was the stringent flatness require- 
ment the substrate must meet; for example, a disk 
having an outside diameter of 95mm can only be 
as much as 10um out of flat across its diameter. 
The traditional methods for making these glass- 
ceramic articles, typically manufactured from sheet 
glass or oversize blanks, not only fell considerably 
short of the flatness requirement (50-1 OOum versus 
the required 10um), but they also exhibited a low 
raw material utilization efficiency. Because of this 
flatness shortcoming following initial forming, exten- 
sive and expensive mechanical finishing, i.e., grind- 
ing and polishing, was required to make the articles 
suitable for use as substrates. These two factors, 
low raw material utilization efficiency and extensive 
secondary finishing, led to a high cost of produc- 
tion for these traditional manufacturing methods. 
Therefore, it is self-evident that manufacturing 
costs could be minimized by reducing the secon- 
dary operations required, through increasing tee 
flatness of the pressed article and increasing the 
raw material utilization through the implementation 
of a near net-shape production process. 

Therefore, the object of this inventive method 
is to solve the prior art shortcomings and provide 
for a method of near net-shape manufacture, press- 
ing and ceramming, which increases raw material 
utilization efficiency and which produces glass-ce- 
ramic magnetic memory discs substrates which 
possess the required flatness without extensive 
finishing. 

Summary of the Invention 



In general, this invention contemplates a meth- 
od of making glass-ceramic articles possessing 
substantially uniform thickness and parallel oppos- 
ing surfaces comprising the steps of: (a) heating 

5 the receiving and opposing molding surfaces of a 
mold to predetermined different temperatures; (b) 
bringing the receiving and opposing molding sur- 
faces to the mold into essential contact with each 
other to press a delivered charge of molten glass 

w to fill said mold, while thermally providing and 
maintaining a substantially parallel fit between the 
receiving and opposing surfaces of the mold, to 
achieve substantially uniform thickness in the 
pressed charge, (c) pressing the glass charge for a 

is time sufficient to remove enough heat from the 
glass charge that the temperatures of the molding 
surfaces and the glass article surfaces are all near- 
ly at equilibrium, wherein the press time and mold 
temperature differential combine to result in sym- 

20 metric heat removal thereby causing all the afore- 
mentioned temperatures to reach equilibrium at 
nearly the same time, (d) removing the glass article 
from the mold; and as optional further steps (e) 
covering the opposing surfaces of the glass article 

25 with a refractory insulating material; (f) heat treating 
the covered glass article at a temperature and for a 
time sufficient to cause the glass article to cry- 
stallize in situ to a glass-ceramic article; and (g) 
cooling the covered glass-ceramic article to room 

30 temperature and removing the covering therefrom. 

In utilizing this method for producing the glass- 
ceramic excess article of outcomes are achieved 
(1) the forming of the glass article from the glass 
charge is nearly complete upon removal from the 

35 molding surface; and, (2) assuming that the tooling 
surfaces are substantially flat and parallel and that 
differential mold heating is utilized to avoid warp- 
ing, the glass charge will assume the shape im- 
parted to it by the press, i.e., a thin, substantially 

ao flat disc-shaped glass article (3) the glass article 
will retain it pressed shape, specifically its flatness, 
in its glass-ceramic form as a result of the heat 
treating step. Simply stated, the above steps de- 
scribe a near net shape, both the pressing and 

45 heat-treating, forming method. 

Description of the Preferred Embodimen t 

The first step involved in the production of a 
so typical glass-ceramic suitable for magnetic memory 
disk (hereinafter MMD) applications is differentially 
heating the receiving and opposing molding sur- 
faces of a mold apparatus so that symmetric 
amounts of heat will be transferred from the subse- 
55 quently delivered molten glass charge's surfaces. 
This step, directed towards the production of sub- 
stantially flat glass articles, is more fully described 
in U.S. application Ser. No. ' filed si- 
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multaneously with this application in the name of 
Trentelman. The portion of that specification which 
describes this method of differentially heating the 
opposing molding surfaces is hereby incorporated 
by reference. 

Next, a parallel fit is provided and maintained 
between the receiving and opposing .molding sur- 
faces, thus ensuring that the glass article subse- 
quently pressed will possess substantially parallel 
opposing surfaces, i.e., a glass article of essentially 
uniform thickness. This method of thermally align- 
ing the opposing molding surfaces to be parallel is 
more completely described in U.S. application Ser. 
No. , filed simultaneously with this ap- 

plication in the name of Menihan et al. The portion 
of that specification describing the thermal method 
of parallel alignment is hereby incorporated by 
reference. 

Once proper mold surface temperatures and 
parallel opposing molding surfaces are achieved, 
the molten glass may be delivered and pressed 
into the proper shape to form the glass article. A 
gob of molten glass of the precise weight to form 
the disc-shaped article and with a viscosity range 
from lOAl 0 3 is cut and dropped onto the receiving 
molding surface of the molding apparatus. It is then 
indexed to a position where an opposing molding 
surface is brought into essential contact with this 
receiving molding surface, with the glass charge 
being pressed therebetween to form the desired 
disc-shape article. The glass article is then re- 
moved from the press. 

However, note that the pressing of the glass 
charge continues until enough heat is removed 
from the charge such that the glass charge's tem- 
perature along with that of the opposing molding 
surfaces are all nearly at equilibrium at a point 
below the charge's softening point. 

The glass composition embodying the pre- 
ferred composition for the uniformly thick, substan- 
tially flat thin disc-shaped articles suitable as 
MMDs is that used as the precursor glass for the 
production of canasite glass-ceramics. This precur- 
sor glass composition, disclosed in U.S. Patent No. 
4,386,162 (Beall), consists essentially, in weight 
percent on the oxide basis of about 45-75% SiO^ 
8-30% CaO, 2.5-12% F, 3-15% Na 2 0, 0-20% K 2 0, 
5-25% NasO + ^O, 0-6% B2O3, 0-7% Al 2 0 3 , and 
0-8% Zr0 2 , with the most preferred composition 
stated to have an analyzed composition of about 
50-65% Si0 2 , 15-24% CaO, 3-13% Na 2 0, 3-15% 
^0, 11-22% NifcO + teO. 0-3% B2O3, 0-3% 
Al 2 0 3 , and 0-8% Zr0 2 . 

Once the glass article of the above composi- 
tion has been pressed into the desired shape, the 
last step, ceramming, i.e., transforming the glass 
article into glass-ceramic form through heat-treat- 
ing, is undertaken. However, prior to the actual 



heat-treating, the glass articles must be properly 
prepared. This preparation step involves covering 
the opposing flat surfaces of the disc-shaped glass 
article with setters. Covered discs ceram much 

5 flatter than uncovered discs due to the reduction of 
axial temperature gradients, which, in bodies as 
thin as required for MMD applications, would gen- 
erally cause the disc to warp. Allowing the glass 
article to warp as a result of the heat-treating step 

70 would destroy the substantial flatness and essential 
uniform thickness achieved in the previous press- 
ing steps. 

The setter material used is preferably com- 
prised of a refractory-type insulating material; re- 
75 presentative materials include cordierite, alumina 
and graphite. 

However, the most preferred material is graphite 
due to the fact that graphite produces much flatter 
parts than the other materials; some as flat as 1um 

20 across the diameter. Additionally, graphite setters 
tend to produce parts with much greater surface 
smoothness. 

It is not necessary to stack these "sandwiches" 
for the invention to be operative; however, stacking 

25 of the disks will reduce both the cost and size of 
the ceramming equipment. There is no ideal num- 
ber of disks to be stacked; stacks as high as 43 
parts have been effectively utilized resulting in flat- 
ness measurements of 7.3 + /-2.0um across a 

30 95mm disk diameter. 

One added requirement to the ceramming 
step, if stacking of the disks is undertaken, is the 
addition of a layer of insulation located on both the 
top surface or the uppermost setter and bottom 

35 surface of the lowermost setter. This insulation 
layer, comprised of any low thermal conductivity 
material, essentially eliminates the axial tempera- 
ture gradients experienced by the top and bottom 
disks in their uninsulated state. Specifically for this 

40 embodiment FIBERFRAX insulation marketed by 
Carborundum, Niagara Falls, NY was used. Insula- 
tion thickness, ranging from 1/16 in. to 3/4 in. was 
effectively used. 

Generally, for ceramming the above described 

45 precursor glass into its canasite glass-ceramic 
state, the glass is suitably heated at a temperature 
somewhat above its annealing point for a time at 
least sufficient to develop crystal nuclei therein. 
The glass is then further heated, usually at a higher 

50 temperature between the glass annealing and glass 
softening points, to develop the predominate cry- 
stal phase therein. The ceramming schedule for the 
preferred embodiment involves a five stage heat 
treatment: (1) heating from ambient temperature to 

55 about 600 "C at the rate of approximately 
150*C/hour; (2) maintaining the temperature of 
about 600* C for 2 hours to cause the development 
of nuclei; (3) heating to about 850 # C at the rate of 
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approximately 125'C/hour; (4) maintaining the tem- 
perature at about 850 *C to develop the canasite 
crystals on the developed nuclei; and, (5) allowing 
the glass-ceramic article to cool to ambient tem- 
perature. 

Claims 

1. A method for press molding a thin, substan- 
tially flat glass-ceramic article possessing a 
substantially uniform thickness comprising the 
steps of: 

(a) heating the receiving and opposing 
molding surfaces of a mold to predeter- 
mined different temperatures; 

(b) bringing said receiving and opposing 
molding surfaces of said mold into essential 
contact with each other to press a delivered 
charge of molten glass to fill said mold, 
while thermally providing and maintaining a 
substantially parallel fit between said receiv- 
ing and opposing surfaces of said mold, to 
achieve substantially uniform thickness in 
said pressed charge, 

(c) pressing the said glass charge for a time 
sufficient to remove enough heat from said 
glass charge that the temperatures of the 
molding surfaces and the glass article sur- 
faces are all nearly at equilibrium, wherein 
said press time and mold temperature dif- 
ferential combine to result in symmetric 
heat removal thereby causing all said tem- 
peratures to reach equilibrium at nearly the 
same time, 

(d) removing said glass article from said 
mold. 



molding material is selected from the group 
consisting of boron nitride, boron nitride com- 
posites, silicon carbide, silicon carbide coated 
graphite and pyrolytic graphite. 

5 

5. A method according to claim 2 wherein said 
refractory insulating material is shaped in the 
configuration of setters with said glass article 
being placed between two setters to form a 

70 sandwich. 

6. A method according to claim 2 wherein said 
refractory insulating material is selected from 
the group consisting of alumina, cordierite, and 

is graphite. 

7. A method according to claim 5 wherein several 
sandwiches are stacked atop one another with 
an added layer of refractory insulating material 

20 being provided on the top surface of the up- 

permost setter and on the bottom surface of 
the lowermost setter. 
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2. A method according to claim 1 , comprising the 
further steps of; 

(a) covering the opposing surfaces of said 40 
glass article with a refractory insulating ma- 
terial; 

<b) heat treating said covered glass article 
at a temperature and for a time sufficient to 
cause said glass article to crystallize in situ 45 
to a glass-ceramic article; 
and 

(c) cooling said covered glass-ceramic arti- 
cle to room temperature and removing the 
covering therefrom. 50 

3. A method according to claim 1 or 2 wherein 
said molding surfaces are comprised of a ma- 
terial which exhibits near zero thermal expan- 
sion and possesses a substantially non-stick 55 
surface. 



4. A method according to claim 3 wherein said 
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